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SYSTEM AND METHOD FOR
IMPLEMENTING A FEDERATED
FORECASTING FRAMEWORK

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Appli-
cation No. 62/561,967, filed Sep. 22, 2017, the contents of
which are incorporated herein in 1ts entirety.

FIELD OF THE INVENTION

The 1mvention relates generally to a system and method
for implementing a federated forecasting framework.

BACKGROUND OF THE INVENTION

Companies need to produce forecasts for a variety of
reasons including regulatory requirements, internal plan-
ning, resolution and recovery and product design. As part of
regular company activity, multiple forecasts are produced
tor different lines of business, domains, forecasting horizons
and also with diflerent parameterizations and assumptions.
Oftentimes, different parts of the forecast are produced by
distinct groups 1n the firm using various methods ranging
from simple calculations to very complex statistical models.
In addition, such forecasts are further subject to varying
constraints including delivery cycles, languages, input data,
environments, technology platforms or systems, and result
formats. Because components are created and managed by
divergent groups using specific tools and platforms, a dis-
tributed environment will include components running in
disparate systems managed and operated by distinct teams.
Due to the fragmented nature of the environment, reporting
and analysis of the forecasts are currently made with ad-hoc
tools and methods that each group then applies to their own
parts. Accordingly, current systems result 1n inethliciencies,
duplicative efforts and wasted resources.

These and other drawbacks exist.

SUMMARY OF THE INVENTION

According to one embodiment, the invention relates to a
system that implements a framework that connects a plu-
rality of complex forecasting components. The system com-
prises: a data store that stores datasets used as inputs to a
plurality of forecasting components; a validation engine,
comprising a computer processor coupled to the data store,

that analyzes the datasets based on a plurality of rules and
specifications and generates a report comprising an indica-
tion of compliance; a control processor that centralizes
management of the plurality of forecasting components and
run data and further orchestrates actions and events associ-
ated with each forecasting component; a plurality of agents,
where each agent represents a connector that enables com-
munication between each forecasting component and the
framework; a plurality of composite agents, where each
agent represents a process to run a combination of agents,
decisions, calculations, interaction with external systems or
logic; an application programming interface that allows
control for one or more operations performed by the fore-
casting components; and a user interface that provides
access control for one or more operations performed by the
forecasting components.
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2

In addition, there may be more than one user interface and
the interfaces do not necessary need to be graphical. In
general, the system may have a layer to provide interfaces by
different channels.

The system may include a specially programmed com-
puter system comprising one or more computer processors,
interactive interfaces, electronic storage devices, and net-
works.

The computer implemented system, method and medium
described herein provide unmique advantages to enfities,
organizations and other users, according to various embodi-
ments of the invention. An embodiment of the present
invention 1s directed to supporting activities of a company
which rely on financial forecasting and further preserves a
distributed and federated ecosystem where each component
(or group of components) may be owned and managed
independently. The imnovative Framework may provide
various functions including: maintaining metadata related to
forecasting, maintaining audit trails, automating and man-
aging the execution of the models and components, inte-
grating different technologies and distributed systems, and
providing a common central graphical user interface and
programmatic interface which may be used to operate any
step of the forecasting process. These and other advantages
will be described more fully in the following detailed
description.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to facilitate a fuller understanding of the present
invention, reference 1s now made to the attached drawings.
The drawings should not be construed as limiting the present
invention, but are intended only to illustrate different aspects
and embodiments of the invention.

FIG. 1 1s an exemplary system diagram of a framework,
according to an embodiment of the present imvention.

FIG. 2 1s an exemplary startup registration of a framework
component, according to an embodiment of the present
invention.

FIG. 3 1s an exemplary illustration of configuring and
running a forecast component, according to an embodiment
of the present invention.

FIG. 4 1s an exemplary interface illustrating static param-
cter 1input examples, according to an embodiment of the
present 1nvention.

FIG. 5 1s an exemplary interface illustrating individual
inputs, according to an embodiment of the present invention.

FIG. 6 1s an exemplary interfaces illustrating conditional
parameters, according to an embodiment of the present
ivention.

FIG. 7 1s an exemplary interfacing illustrating files input
and run input, according to an embodiment of the present
invention.

FIG. 8 1s an exemplary 1illustration of calculator param-
cters registration diagram, according to an embodiment of
the present invention.

FIG. 9 1s an exemplary 1llustration of component param-
cters and submission of a configuration to run a forecast,
according to an embodiment of the present invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT(S)

L1

The following description 1s intended to convey an under-
standing of the present mvention by providing specific
embodiments and details. It 1s understood, however, that the
present mnvention 1s not limited to these specific embodi-
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ments and details, which are exemplary only. It 1s further
understood that one possessing ordinary skill in the art, in
light of known systems and methods, would appreciate the
use of the imnvention for its intended purposes and benefits in
any number of alternative embodiments, depending upon
specific design and other needs.

An embodiment of the present invention 1s directed to a
Foundational Framework (“Framework’) that integrates a
multiplicity of calculators that may be executed, adminis-
tered, and maintained 1n a distributed and federated manner.
The Framework may represent an apparatus or system that
connects a multiplicity of potentially very complex business
models and data processing components, each of which
produce different types of information related to financial
forecasts, while maintaining a distributed and federated
model to allow high autonomy to each component. The
Framework may provide a unified and centralized operation
of the lifecycle of each model and component. Moreover, the
Framework enables the production of multiple unlimited
types of forecasts of different dimensions and for diflerent
purposes using a common tool that coordinates and executes
a sequence of components specific to a user, team and/or
entity.

According to an embodiment of the present invention, the
Framework may represent a hub that connects with inter-
faces associated with forecasting components and actors,
including forecasting models implementations, data proces-
sors, data validators, data analysis modules, reporting tools,
databases, data storage platiorms, entitlement management
systems and computing clusters, efc.

An embodiment of the present invention provides central
and unified management of various combinations of fore-
casting components under a distributed and federated model.
Each forecasting component may be owned by different
teams at various levels including but not limited to design of
inputs and outputs, design of the parameters that the com-
ponent exposes to the users, selection of technologies,
planning of development, management and operation of the
infrastructure, and control of the release process.

Each component may be developed using diflerent com-
puter programming languages and/or tools, which the owner
team may select and change autonomously at any time. Each
component may follow a different development lifecycle
process based i1n business and other requirements. For
example, each component may have 1ts own sets of 1mput
datasets, mput setup parameters and output datasets. Nota-
bly, the Framework does not require predefined formats.
Accordingly, the owners of each component may change the
formats of the mput and output datasets and maintain
connectivity with the rest of the components.

The Framework may include a formal language to specity
the input and output parameters of the forecast components,
with flexibility for data types, datasets, metadata, connec-
tivity between lforecasting components. In addition, the
Framework may be agnostic of the technology and inira-
structure that each component requires. It may be flexible to
interact with the components running in any type of net-
worked server. The owners of the components may relocate
and manage their components autonomously, which sup-
ports cloud computing patterns.

The nature of the environment may be intrinsically asyn-
chronous because of the federated model and disparity 1n the
forecast components which may take from a few seconds to
many hours to complete depending on the component and
the datasets used 1n each run. Each forecasting component
may generate and receive multiple events during production
of a forecast. The events may not always be the same for the
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4

same component and may include notifications and mes-
sages to users, milestones such as start/complete/fail, partial
completion of the forecast, data ready for validation, pub-
lication/sharing results to other components and/or 1nvali-
dation of results. The forecasts may be generated at different
levels of granularity using the same component or different
component. For example, the Framework may automatically
connect the output of one component as the input of another
one which has to be run after the first one was completed.

The graphical user interface may be rendered automati-
cally based on component metadata and 1s further customi-
zable by the component owners. The Framework may main-
tamn 1n parallel a machine-to-machine programmatic
interface that mimics and/or extends the user interface and
allows automation of forecasts from external systems. To
support the integration of the components and allow each
owner to maintain and change their own dataset formats, the
Framework may keep metadata which allows 1t to connect
the components scamlessly.

Additionally, the graphical user interface 1s an exemplary
view ol the user iterface. Text and/or voice based features
may be added to provide additional channels of user inter-
action with the system.

The Framework may allow the user to select parameters
and datasets that are validated, and further allow combina-
tions that are consistent with the forecast. For example, 1t
may need to assure that a loans portiolio snapshot and a
macro economic scenario used 1n a forecast are time aligned,
or that the forecast for a portiolio of prime mortgages uses
the coetlicients of the model which are tramned for prime
loans and not, for example, for subprime.

The Framework may manage multiple forecast runs in
parallel for each component. To manage the computing
resources, the Framework supports queueing and throttling
teatures. The Framework may maintain queues of requests
and run them when the conditions of the computing
resources and the user settings are met.

An Audit trail may be used to replicate actions and/or
events including: model changes, data changes, configura-
tion changes of any calculator, without limiting the ability of
the component owner to change their data and parameters
definition at will.

The Framework may use an internal finite state machine
to manage the dependencies of components for each differ-
ent forecast use, granularity, dimension, and also to process
asynchronous communication events between components.

The Framework may compile and maintain the metadata
associated with each forecast at a component level holisti-
cally. The metadata may include finance aspects related to a
macro economic scenario, assumptions, and actual data used
as mput. The metadata may also include the “meaning” of
the forecast as what 1t represents, what are the conclusions,
what purpose can 1t be used for, what are the granularity
levels at which 1t can be used, etc. The management of the
datasets may keep track of changes, as well as the validation
of the contents. Connecting datasets that may be modified
along time may require managing metadata and a mecha-
nism that maps the different versions of a dataset type to
cach of the consumer components.

FIG. 1 1s an exemplary system diagram of a framework,
according to an embodiment of the present invention. FIG.
1 illustrates components of a Framework of an embodiment
of the present invention. FIG. 1 shows Interface 110, Flight
Control 112, Validation Engine (RIO) 114 and Datastore
170. Flight Control 112 may represent a processing compo-
nent that manages execution of the various agents, repre-
sented by Aggregation Agent 120, Composite Agent 130,

e
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Agent 150 and Agent 160. Agent may represent a software
component that performs a specified task. In addition, some
agents such as a Composite Agent or an Aggregation Agent
may have specialized functions. For example, Aggregation
Agents may aggregate the output of other agents and then
produce an additional forecast. Composite Agents may
themselves invoke other agents following some logic.
Aggregation Agent 120 may include Agent software devel-
opment kit (SDK) 122, mput/output (I/0) Interface Speci-
fication 124 and Automation Script 126. Composite Agent
130 may include Agent SDK 132, I/O Interface Specifica-
tion 134, Process Definition 136, Internal Process Steps 138
and further interact with External Process Steps 140. Agent
130 may include Agent SDK 152, I/O Interface Specifica-
tion 154, Automation Script 156 and further interact with
Forecasting Component 158. Agent 160 may include Agent
SDK 162, I/O Interface Specification 164, Automation
Script 166 and may further interact with Forecasting Com-
ponent 168.

Data Store 170 may represent a single or multiple data
stores and storage components distributed across multiple
locations. Data Store 170 may include Datasets, Dataset
Metadata, Dataset Types and Dataset Type Metadata.

An embodiment of the present invention 1s directed to an
innovative system that connects a multiplicity of potentially
very complex forecasting component. The system may
include a Data Store 170 that stores the datasets used as
inputs ol the components, the outputs generated by the
components and the metadata that describes the datasets.

According to an embodiment of the present invention,
Data Store 170 may include a Load Balancer, Application
Programming Interface (API) and Distributed storage back-
end.

The Load Balancer may represent an equipment or a
soltware component that distributes requests to access the
Data Store across available Frontend Web Servers, to avoid
overloading, to distribute the workload evenly or according
to any other algorithm, and to prevent sending workload to
any server which may eventually fail. For example, the Load
Balancer may provide high availability through replication
to provide resilience 1n case one of the equipment fails or 1s
otherwise impaired.

With the Application Programming Interface (API), the
system may expose operations using programmatic inter-
faces that may be run from remote systems which may
include forecasting components, workstations and/or any
other computer system that interacts with the forecasting
data and/or metadata. In addition, the API may enforce
access control restrictions.

Operations supported by the API may include registration
of a hierarchy of namespaces for the management of the
datasets. For example, the namespaces may be nested and
represent entities related to the forecasts including but not
limited to forecast components, forecast processes, forecast
purposes, economic scenarios, forecast runs, efc.

In addition, operations may include various methods for
reading data from any dataset in any format. This may
include but 1s not limited to reading any version of a dataset,
reading the full dataset, reading specific sections of the
dataset, etc. Operations may include various methods for
writing datasets 1n any format. This may include but 1s not
limited to creating new datasets, creating new versions ol an
existing dataset, etc. The operation may apply to metadata.
Another operation may include modifying the metadata of a
dataset. The metadata associated with a dataset may be
extensible by the users and include but 1s not limited to
dataset type, dataset name, dataset data schema, mappings of
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the data to interconnection data models, user defined attri-
butes for tagging the datasets, indications about the valida-
tion of the data, data archuving attributes, privacy attributes,
permissions and access attributes.

Operation may include management of dataset types and
their associated attributes and may further include create,
modily, disable and enable operations. The dataset attributes
may include but are not limited to data schema, validation
rules, default access parameters and privacy attributes, map-
ping to interconnection data models, default visualization
tools, etc. Another operation may include listing the contents
of the Data Store and querving the metadata associated with
the available datasets, applying any combination of filters
including but not limited to dataset name, dataset type,
attributes, etc. Another operation may include management
ol permissions including granting and revoking permissions
to datasets, hierarchy, metadata, etc.

The API may apply authentication and authorization
controls to operations, such as approving or rejecting the
access to data and metadata. The API operations may be run
using synchronous paradigms and protocols such as HT'TP
and HTTPS. In addition, the API operations may be run

using asynchronous paradigms such as messaging based
protocols, such as Advanced Message Queuing Protocol
(AMQP), Java Message Service (JMS), etc.

Distributed storage backend may support the storage of
the datasets as raw datafiles as well as structured formats,
such as Hadoop Filesystem (RDFS). Distributed computing
layer may support distributed execution of processing and
queries on the datasets. Other operations may include modu-
lar execution of transformations and mappings of datasets,
validation rule engine and structured access to the datasets
including but not limited to {filtering records, selecting
columns, selecting dimensions, grouping data, etc.

An embodiment of the present invention 1s directed to a
validation engine 114 that is responsible for the validation of
the datasets and both inputs and outputs. Validation Engine
114 may represent a module that analyzes the datasets based
on different types of rules and specifications and produces a
report with details of the level of compliance of any dataset
to them.

Validation Engine 114 may be modular and use difierent
types of specifications and rules. For example, each module
may be specialized to evaluate different language of rules
definition, evaluate different types of datasets (e.g., records
based, cubes, unstructured text, time series, etc.) and/or
different aspects of the data (e.g., format, data consistency
within a dataset, relations with other datasets, etc.).

For example, each validation module may be driven by
one or more test-suite specifications and may further apply
them to a dataset. Validation Engine 114 may retrieve the
specifications as part of the metadata that 1s linked to either
dataset types or the actual dataset in the Data Store.

A Schema based engine module may be specialized in the
validation of the format and the data schema. Per dataset, a
schema specification may be retrieved from the metadata
registry. The schema specification may contain at least the
mandatory columns and their data types (e.g., text, integer
number, decimal number, date, etc.). Additional attributes
per column may indicate 1f 1t 15 acceptable to have empty
values, and optional validations as ranges for numbers (e.g.,
minimum and/or maximum). In addition, columns may be
mandatory or optional. The Schema based engine may verily
that the dataset complies to the schema specification, vali-
dating each of the columns existence and their data type and
format.

"y




US 11,282,021 B2

7

With a Rule based engine module, a list of rules written
in a language familiar to a business user may be executed for
each record 1n a dataset. If the rule 1s not met, the validation
fails for the given record. The rule language supports
arithmetic, logical and aggregation/rollup operations over
any combination of the columns present in the dataset.

With a Pluggable extensions module, new modules may
be created by following a standardized interface that
receives. Any generic specification format may be linked as
metadata of the dataset or the dataset type, and kept 1n the
Data Store or other location. A Validation Engine may
implement a standard interface that receives the dataset to be
validated, applicable specification and an execution context
that provides the connectivity to the Framework system. The
engine may run the validations against the dataset, retrieve
additional data and metadata 11 required by using the con-
text, and further return the validation report.

With reporting of errors, warnings and notices, the vali-
dation engine may produce a report for each file containing
the results of applying the applicable modules and rules.
Detailed information about each of the validations and each
of the records that did not pass the tests may be provided.
Each rule may be qualified with a severity level including
error, warning and notice, including files with errors.

With a Programmatic Integration Interface, synchronous
or asynchronous interaction may be supported for every
operation. A Graphical User Interface (GUI) may expose
teatures of the programmatic integration interface through a
web application. For example, Interface 110 may be embed-
ded i the main Framework UL

As represented by Flight Control 112, an embodiment of
the present invention may include a system that centralizes
the management of component and run metadata, and fur-
ther orchestrates the actions and events 1n every component.

According to an embodiment of the present invention,
cach Agent may represent a connector that enables a two
way between any forecasting component and the rest of the
Framework. Fach agent may include an input interface, an
output 1interface, automation script and agent SDK. For
example, Agents may be represented by 120, 130, 150 and
160.

The Input interface may include configuration data that
specifies mput parameters to a forecasting component. This
configuration may drive the generation of interfaces (e.g.,
graphical and integration) and data sourcing features such as
validation. The specification may be generated using an
specific forecasting component interface definition lan-
guage.

The Output interface may include configuration data that
specifies the output data that 1s generated by the component
to enable advanced processing and connectivity in the
Framework. The specification may be generated using a
specific forecasting component interface definition lan-
guage.

Automation script 126, 156 and 166 automates a forecast
component start, and optionally other custom operations. It
uses the API provided by the SDK to configure the fore-
casting module, run the production and upload the result
datasets to the Framework. The script also notifies any
relevant fail, warning or notice to the Framework, as well as
summarized and/or detailed log records.

Agent SDK 122, 132, 152 and 162 may represent a
software library that encapsulates the interaction with the
framework and the application programming interface that
supports the agent owner to customize how the component
interacts with the Framework. Agent SDK may be imple-
mented 1n multiple programming languages.
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With a Background process, once started 1t becomes the
link with the Framework. Agent SDK may interact synchro-
nous and/or asynchronous and implement the operations of
the framework including but not limited to startup registra-
tion, run component, cancel component, manage the runs
queue, throttle the flow of component runs, run custom
operations, send status updates to the Framework. With the
API, operations published by the Framework that may be
used by an agent developer to build the interaction between
the forecasting component with the Framework including
but not limited to receiving the mput parameters of a run,
down. The API may create an 1solated environment to run
cach of the forecasts 1n parallel. Support tools may represent
built 1n tools to automate operations such as start/stop the
process, refresh the configuration, list runs, cancel runs, test
connectivity.

According to an embodiment of the present invention,
cach Composite Agent may represent a forecasting process
and 1its steps; optionally may contain an implementation of
computing logic of one or more of the process steps. The
composite agent process enables a two way between the
forecasting process and the rest of the Framework. Each
agent may include an 1nput interface, an output interface,
forecasting process definition, forecasting process steps
definition, and optionally the necessary logic to implement
process steps. Process and steps may use agent SDK or other
methods to interact with the rest of the framework.

Composite Agents may run as standalone processes or as
part of a Flight Control orchestration component.

The forecasting processes 1 Composite Agents may be
used to manage series of more granular interrelated fore-
casting tasks. The process tasks may include various com-
binations ol actions such as execution of other agents or
forecasting components, calculations, interaction with sys-
tems (1nside or outside the framework), conditional branch-
ing, parallelization, flow control, notifications, and others.

Forecast processes i Composite Agents may include
tasks which require the execution of agents to discover
dependencies between tasks and automatically connect
inputs and outputs as required by the tasks. The behavior
may be overridden and/or modified by user configuration.

The forecasting process may be dynamically amended
during the execution of each of its instances based on 1nput
parameters, configuration, interaction with other framework
components, automatic discovery of task dependencies, or 1n
general any other data source. Amendments may include
adding or removing tasks, modifying task dependencies,
moditying data.

Graphical User Interface provides access control where an
operation may be allowed based on the configuration of the
entitlements system. A Validation Engine Frontend may
provide access to the Validation Engine. The Graphical User
Interface may run forecasts and run a calculator based on the
specification of the calculator required parameters, which
may 1include single forecast mode, batch forecast mode
and/or other modes.

The Graphical User Interface may enable a user to moni-
tor and browse available forecast runs. Other operations may
include: view the runs that are 1n progress and finished; view
run parameters and milestone messages, view notifications,
access to the result datasets and logs, view audit trail, export
confliguration, create new lorecast using an existing one as
template.

With the Graphical User Interface, users may manage the
contents of the Data Store. Other operations may include:
browse contents of the Data Store, view the history and audit
trail of each dataset and metadata, browse metadata, modi-
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fications of the metadata, copy input datasets, and other
actions supported by the Data Store. Users may also manage
the configuration, rules, process, permissions, resource allo-
cation and other parameters associated to agents and/or
composite agents via the Graphical User Interface. Further
operations may include: forecast lifecycle actions include
sign ofl forecasts and publishing them as available for other
forecast components, flag forecasts as containing errors,
cancel 1n progress processes. Additional operations may
include: annotate the metadata of the forecast: meaning of
the forecast, granularity level, purposes that 1t can be used
for; reporting (access to reports); and analytics (e.g., access
to analytic tools for forecast and/or mput datasets).

An embodiment of the present mvention may include
Forecasting model calculators. The calculators may run 1n
any computer programming language and may be mono-
lithic or distributed in servers or further run in the cloud.
Forecast model calculators may combine multiple forecast-
ing software modules under the same interaction. The cal-
culators may use any startup and configuration interface
including but not limited to soiftware library, external com-
mand, database table, web service, asynchronous message,
scheduler software, etc. The calculators may consume and
generate results using any method including but not limited
to files, database tables, asynchronous messaging.

Aggregation agents may aggregate multiple forecasts to
generate consolidated forecasts.

Reporting and analytic components may process the out-
put of one or more forecasts to feed data into reporting tools
or analytic tools. These components may also run analytics
that generate additional data to support processes, such as
data mining, finding anomalies, and comparing forecasts.

User tools may include software tools available to the
users to automate and assist the interaction with the Frame-
work. Exemplary tools may include upload/download of
datasets, export of metadata with {filters, comparison of
parametrization of forecasts, and batch runs of forecasts.

FI1G. 2 1s an exemplary startup registration of a framework
component, according to an embodiment of the present
invention. FIG. 2 illustrates interactions between Agent 202
(specifically Agent SDK 212 and Agent Owner 210) and
Flight Control 214. At 222, agent start command may run.
Agent SDK may read a configuration file at 224 and a
calculator parameter file(s) at 226. Agent SDK 212 may
request agent registration in Flight Control (FC) at 228. At
step 230, agent startup sequence may continue and listen for
new requests. Flight Control may validate the agent univer-
sal unique i1dentifier (UUID) and token at 232. If the
validation 1s a success, the agent and calculator parameters
may be updated 1n the database, at 234.

FIG. 3 1s an exemplary illustration of configuring and
running a forecast component, according to an embodiment
of the present invention. FI1G. 3 illustrates a calculator tlow.
FIG. 3 illustrates interactions between and among User 310,
Web Controller 312, Flight Control 314, Data Store 316,
Agent Daemon 318 and Agent Calculator Runner 320. At
322, the user may log 1n the web controller. At 324, the user
may select a calculator to run. At 326, the user may select an
exercise and scenario. At 328, the user may select values for
parameters.

Web Controller 312 may retrieve calculator specific
parameters. At 332, web controller may render a custom
form based on the parameters. At 334, web controller may
retrieve valid files that match the scenario and calculator
parameter filters. At 336, web controller may retrieve valid
run IDs for the parameters that are pointers to previous runs.
At 338, web form may be updated with the values. At 340,
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web controller may transform the parameters into FC format
and submit the request to the FC. At 342, web controller may
display a message.

Flight Control 314 may execute a query calculator REST
at 344. At 346, query may run REST. At 348, flight control
may validate and authorize the request. At 350, tlight control
may record the request 1n the database. At 352, tlight control
may check 11 the same run was already requested. At 354,
tlight control may record the run in the database and the Data
Store (DS). At 356, flight control may request the run to the
agent.

Data Store 316 may browse data and store contents at 360
and register run at 358.

At 362, Agent Daemon 318 may validate and authorize
the request and create a new run context and spawn a new
runner at 364. The runner process 1s spawned and discon-
nected from the agent daemon. The agent daemon responds
to FC without waiting for the runner to fimsh. Using the
context and the agent SDK the runner is autonomous to
interact with FC.

Agent Calculator Runner 320 may lead a run context, at
366 and download a macro scenario at 368. Agent Calculator
Runner 320 may download DS mput files, at 370, notily
status to FC, at 372, preprocess mputs at 374, notify status
to FC at 376, run calculator at 378, notify status to FC at 380,
upload results to DS at 382 and notity completed status to
FC at 384. This 1s a sample sequence that represents what a
runner looks like. There are no constraints enforced to the
runner flow, just recommendations. The boxes with the “+”
sign represent functions available as part of the agent SDK.

FIG. 4 1s an exemplary interface illustrating static param-
cter 1input examples, according to an embodiment of the
present invention. FIG. 4 illustrates an input that provides
Scenario 410, Products 412, Report Level 414, Start Date
416, Number of Forecast Weeks 418, Portiolio Adjustment
420 and Output File Name 422.

At Scenario 410, a user may select a scenario to run the
mode. At Products 412, a user may select one or more
products. At step 414, the user may select a report level that
identifies a granularity level, such as portiolio, product, etc.
A user may provide a date mput at Start Date 416, a number
ol forecast weeks at 418, portiolio adjustment at 420. An
output file may be 1dentified at 422.

FIG. 5 1s an exemplary interface illustrating individual
inputs, according to an embodiment of the present invention.
FIG. 5 1illustrates an mput for Single Select Example 510,
Multiple Select Example 512, Checkbox 514, Date Input
516, Text Input 520, Numeric Input 522 and Radio Button
524.

FIG. 6 1s an exemplary interfaces illustrating conditional
parameters, according to an embodiment of the present
invention. FIG. 6 illustrates an iput for Portiolio 1 610,
Portfolio Principle 1 612, Portiolio 2 620 and Portiolio 2
Principle 622. Conditional Inputs may include Adjustments
630, 632 and 634.

FIG. 7 1s an exemplary interfacing illustrating files input
and run input, according to an embodiment of the present
invention. Files Input may be shown at 710 and Run input
may be shown at 712. Underlying Configuration may be
shown at 714.

FIG. 8 1s an exemplary 1illustration of calculator param-
eters registration diagram, according to an embodiment of
the present invention. FIG. 8 illustrates Calculator 810,
Calculator Parameter Spec 812 and Agent 814. Agent 814
may transmit Calculator Parameter Spec 820 to Flight
Control 830, which then stores Flight Control Parameter
Spec 842 at Calculator Registry 840.
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FIG. 9 1s an exemplary illustration of component param-
cters and submission of a configuration to run a forecast,
according to an embodiment of the present invention. FIG.
9 1llustrates Web Frontend 910 with Form Renderer 912 and
Invoke Run Request 914. Form Parameter Spec 916 may be
communicated to Form 918. Web Frontend 910 may receive
Flight Control Parameter Spec 920 and transmit Flight
Control Parameter Values 922 to Flight Control 924. Flight
Control 924 may access data from Flight Control Parameter
Spec 928 stored 1n Calculator Registry 926 and store data
including Flight Control Parameter Values 932 to Forecasts
Registry 930. Flight Control 924 may transmit Calculator
Parameter Value 934 to Agent 936 and to Calculator 938.

The foregoing examples show the various embodiments
of the invention in one physical configuration; however, it 1s
to be appreciated that the various components may be
located at distant portions of a distributed network, such as
a local area network, a wide area network, a telecommuni-
cations network, an intranet and/or the Internet. Thus, it
should be appreciated that the components of the various
embodiments may be combined into one or more devices,
collocated on a particular node of a distributed network, or
distributed at various locations 1n a network, for example. As
will be appreciated by those skilled 1n the art, the compo-
nents of the various embodiments may be arranged at any
location or locations within a distributed network without
aflecting the operation of the respective system.

As described above, the various embodiments of the
present invention support a number of communication
devices and components, each of which may include at least
one programmed processor and at least one memory or
storage device. The memory may store a set of structions.
The 1nstructions may be either permanently or temporarily
stored 1n the memory or memories of the processor. The set
of instructions may include various instructions that perform
a particular task or tasks, such as those tasks described
above. Such a set of instructions for performing a particular
task may be characterized as a program, software program,
software application, app, or software.

It 1s appreciated that 1n order to practice the methods of
the embodiments as described above, 1t 1s not necessary that
the processors and/or the memories be physically located in
the same geographical place. That 1s, each of the processors
and the memornes used 1n exemplary embodiments of the
invention may be located 1n geographically distinct locations
and connected so as to communicate 1n any suitable manner.
Additionally, 1t 1s appreciated that each of the processor
and/or the memory may be composed of diflerent physical
pieces of equipment. Accordingly, 1t 1s not necessary that the
processor be one single piece of equipment in one location
and that the memory be another single piece of equipment 1n
another location. That 1s, 1t 15 contemplated that the proces-
sor may be two or more pieces of equipment 1n two or more
different physical locations. The two distinct pieces of
equipment may be connected 1n any suitable manner. Addi-
tionally, the memory may include two or more portions of
memory 1n two or more physical locations.

As described above, a set of instructions 1s used in the
processing of various embodiments of the invention. The
servers may include software or computer programs stored
in the memory (e.g., non-transitory computer readable
medium containing program code instructions executed by
the processor) for executing the methods described herein.
The set of mstructions may be 1n the form of a program or
soltware or app. The software may be 1n the form of system
software or application software, for example. The software
might also be in the form of a collection of separate
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programs, a program module within a larger program, or a
portion of a program module, for example. The software
used might also include modular programming 1n the form
of object oriented programming. The software tells the
processor what to do with the data being processed.

Further, 1t 1s appreciated that the instructions or set of
instructions used in the implementation and operation of the
invention may be 1n a suitable form such that the processor
may read the istructions. For example, the instructions that
form a program may be 1n the form of a suitable program-
ming language, which 1s converted to machine language or
object code to allow the processor or processors to read the
instructions. That 1s, written lines of programming code or
source code, 1n a particular programming language, are
converted to machine language using a compiler, assembler
or interpreter. The machine language 1s binary coded
machine instructions that are specific to a particular type of
processor, 1.e., to a particular type of computer, for example.
Any suitable programming language may be used 1n accor-
dance with the various embodiments of the invention. For
example, the programming language used may include
assembly language, Ada, APL, Basic, C, C++, COBOL,
dBase, Forth, Fortran, Java, Modula-2, Pascal, Prolog,
REXX, Visual Basic, JavaScript and/or Python. Further, 1t 1s
not necessary that a single type of instructions or single
programming language be utilized 1n conjunction with the
operation of the system and method of the invention. Rather,
any number of different programming languages may be
utilized as 1s necessary or desirable.

Also, the instructions and/or data used 1n the practice of
vartous embodiments of the invention may utilize any
compression or encryption techmque or algorithm, as may
be desired. An encryption module might be used to encrypt
data. Further, files or other data may be decrypted using a
suitable decryption module, for example.

In the system and method of exemplary embodiments of
the invention, a variety of “user mterfaces” may be utilized
to allow a user to interface with the mobile devices or other
personal computing device. As used herein, a user interface
may include any hardware, software, or combination of
hardware and software used by the processor that allows a
user to interact with the processor of the communication
device. A user interface may be 1n the form of a dialogue
screen provided by an app, for example. A user interface
may also include any of touch screen, keyboard, voice
reader, voice recogmzer, dialogue screen, menu box, list,
checkbox, toggle switch, a pushbutton, a virtual environ-
ment (e.g., Virtual Machine (VM)/cloud), or any other
device that allows a user to recerve information regarding
the operation of the processor as 1t processes a set of
instructions and/or provide the processor with information.
Accordingly, the user interface may be any system that
provides communication between a user and a processor.
The information provided by the user to the processor
through the user interface may be 1n the form of a command,
a selection of data, or some other mnput, for example.

The software, hardware and services described herein
may be provided utilizing one or more cloud service models,
such as Software-as-a-Service (SaaS), Platform-as-a-Ser-
vice (PaaS), and Infrastructure-as-a-Service (IaaS), and/or
using one or more deployment models such as public cloud,
private cloud, hybrid cloud, and/or community cloud mod-
els.

Although the embodiments of the present invention have
been described herein 1n the context of a particular imple-
mentation 1n a particular environment for a particular pur-
pose, those skilled 1n the art will recognize that 1ts usefulness
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1s not limited thereto and that the embodiments of the
present invention can be beneficially implemented in other
related environments for similar purposes.

What 1s claimed 1s:

1. A system that implements a framework that connects a
plurality of complex forecasting components, the system
comprising:

a data store that stores datasets used as mputs to a plurality

ol forecasting components;
a validation engine, comprising a computer processor
coupled to the data store, that analyzes the datasets
based on a plurality of rules and specifications and
generates a report comprising an indication of compli-
ance;
a control processor that centralizes management of the
plurality of forecasting components and run data 1n a
hub structure, the centralizing comprising:
registering the plurality of forecasting components,
cach forecasting component developed 1n one of a
plurality of computer programming languages;

employing a formal language to specily one or more
input and output parameters of the plurality of fore-
casting components;

compiling and maintaining metadata for each of the
plurality of forecasting components, the metadata
comprising information about forecast data output
by each forecasting component including a program-
ming language and any changes to a data type or a
data format over time;

connecting the plurality of forecasting components
through the formal language, based on the metadata;

queueing a plurality of forecast runs based on the
plurality of forecasting components, and throttling
the flow of the plurality of forecast runs and sending
status updates to the framework;

running the queued plurality of forecast runs when one
or more conditions of computing resources and one
or more user settings are satisfied;

an application programming interface that allows control
for one or more operations performed by the forecast-
ing components, and further facilitates forecasting
component ntegration;

a plurality of agents, where each agent represents a
connector that enables communication between each
forecasting component and the framework through the
hub structure and application programming interface,
and with the formal input and output language estab-
lished by the control processor;

a plurality of composite agents, where each composite
agent represents a process to run a combination of
agents, decisions, calculations, interaction with exter-
nal systems or logic; and
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a user interface that provides access control for one or
more operations performed by the forecasting compo-
nents.

2. The system of claim 1, wherein the data store comprises

a load balancer, a distributed storage backend and a distrib-
uted computing layer.

3. The system of claim 1, further comprising: a plurality
ol forecasting model calculators.

4. The system of claim 1, further comprising: a plurality
of aggregation agents that aggregate multiple forecasts to
generate a consolidated forecast.

5. The system of claim 1, wherein each composite agent
represents a forecasting process.

6. The system of claim 3, wherein each composite agent
enables a two way communication between the forecasting
process and the framework.

7. The system of claim 5, wherein the forecasting process
1s dynamically amended.

8. The system of claim 1, wherein the composite agent
manages a series ol interrelated forecasting tasks.

9. The system of claim 1, wherein each composite agent
comprises an input interface, an output interface, a forecast-

ing process definition and forecasting process steps defini-
tion.

10. The system of claim 1, wherein the user interface
cnables a user to manage configuration, rules, permissions,
resource allocation associated with agents and composite
agents.

11. The system of claim 1, wherein the load balancer
distributes a plurality of requests to the data store across a
plurality of frontend web servers.

12. The system of claam 1, wherein the application
programming interface enforces access control restrictions.

13. The system of claam 1, wherein the application
programming interface applies authentication and authori-
zation controls to approve and reject access to data and
metadata stored in the database.

14. The system of claim 1, wherein the data store stores
datasets and dataset metadata.

15. The system of claim 1, wherein the data store stores
dataset types and dataset type metadata.

16. The system of claim 1, wherein the data store repre-
sents a Hadoop {file system.

17. The system of claim 1, wherein the validation engine
further comprises a schema based engine specialized 1n
validation of a specific format and data schema.

18. The system of claim 1, wherein the validation engine
further comprises a rules based engine.

19. The system of claim 1, wherein the validation engine
further comprises a forecasting model calculator.

20. The system of claim 1, wherein the plurality of
composite agents aggregate a plurality of forecasts to gen-
crate a consolidated forecast.
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